OFFICE  OF  NAVAL  RESEARCH  LONDON  (ENGLAND) 
EUROPEAN  SCIENTIFIC  NOTES  NUMBER  7-13»(U) 
JUL  53  S R ASPINALL 


ADA042825 


OFFICE  OF  NAVAL  RESEARCH 


LONDON 


ELTIOPEAN  SCIENTIFIC  NOTES 


No.  7-13 


! H 


(il) 


1 July  1«53  ^ r-':*" 

- ^ \ 


r/-y 


Distributed  by  the  Office  of  Naval  Research 
Washington  25,  D.  C, 


D D C 

{||  »uc  15*  m ! 

uklBIHlirELij 

(\  «■  A •-• 


'1! 


This  ^cument  is  issued  informpti^jya.  purposes^nrtv.  ^jlSTicmtion, 
rep^^ng,  or  r^i^^odlction  fl^it  inany  orlo£/Sn  aystrairf^ 

thereof,  isj^t  aumorii^d  exceJt  by^ipecific  Jr i^^ipprovalCdl  the  C^fi^r- 
in-Chara/T  Office  ^ Naval  ^^/earch,  Office,  Navy  100,  Fleet 

Post  Office,  Ne%l^ork,  New  York. 


A14SRICAN  EMBASSY 


LONDON,  ENGLuvND 


I 

f 


1 


Pr?^  ICS  PAGE 

Corr.plex  Decay  of  Crystalline  Organic  Phosphors 141 

An  Improved  Gravimeter.... 142 

Lew  Noise  Amplifier 143 


CILEMISTRY 

Tlic  Infrared  Absorption  Spectrum  of  the  Oxonium  Ion. 

The  Infrared  Absorption  Spectrum  of  Carbon  Dioxide 

at  High  Pressures 

Inorganic  Compounds  Containing  the  NOj  Ion.. 

Symposium  on  Electrolytes  in  Organic  Solvents. 

Extraction  of  Metal  Nitrates  into  Phosphate 

Esters 

Iodine  Solutions 

1STA.LLUHGY 

Electrical  Resistivity  Due  to  Vacancies  in  Copper...  140 


t/ATHSr/ATICS 

A Dual  Capacity  Magnetic  Drvun 149 

The  Dekatron  Tube  as  a Computing  Element 150 


BIOSCIENCES 

Irhe  Effects  of  Tonicity  on  the  Rate  of  Sodium 

Excretion  from  Human  Erythrocytes 

Effect  of  Magnesium  Ions  on  the  Release  of 

Acetylchol  ine 

Ion  Exchanges  in  Sympathetic  Ganglia 


MISCELLANEOUS 

Personal  News  Item 152 

Technical  Reports  of  ONRL 153 


151 

151 

152 


144 

144 

145 

146 


146 

147 


A:.'ER1CAN“  EKSASSy 


LONDON,  ENGLAND 


1 


r 


CfFlCE  CF  NAVAL  RESEARCH 
London 


EITOPEAN  SCI ENTIFIC  NOTES 


1 July  1953 


No.  7-13 


CCV-FLEX  DECAY 


OF  CRYSTALLINE  CRGAI.'IC  PHCSPHCRS 


Dr.  K.  Iv.eyer  and  Dr.  A.  N.aier  of  the  Physical 
Institute  of  the  University  of  Easel,  Switzerland,  have 
recently  de..ionstrated  that  the  emission  of  light  from 
stilbcne  and  anthracene  phosphors  is  a more  complex 
phenomenon  than  has  been  previously  supposed.  Their  in- 
vestigations have  shown  the  presence  of  two  new  decay 
constants  associated  with  the  luminescence  of  each 
phosphor.  Tl;c  experimental  procedure  has  been  to  expose 
the  phosphor  to  nuclear  gamma  radiation  and  to  photograph 
each  main  pulse  and  any  associated  after-pulses  observed 
on  an  oscilloscope  having  a 10"Q  sec.  rise  time.  Photo- 
multipliers used  in  the  measurement  were  19  stage  tubes 
manufactured  by  Dr.  N.  Schaetti  at  the  E.T.H.  in  Zurich 
(See  Technical  Report  ONRL-13-53).  These  multipliers  em- 
ploy a focussing  dynode  structure  and  are  remarkably  free 
from  after-pulses.  The  instantaneous  output  current  of 
the  photomultiplier  was  presented  to  the  oscilloscope  in 
che  form  of  the  voltage  developed  across  a resistor  having 
the  characteristic  resistance  (50  ohms)  of  the  connecting 
coaxial  cable.  Thus  very  narrow  pulses  were  obtained  and 
consequently  small  pulses  could  easily  be  distinguished 
from  preceding  large  ones.  (It  was  observed  that  most  of 
the  after-pulses  were  quite  small  corresponding  to  emission 
of  a single  photoelectron  from  the  cathode  of  the  multi- 
plier ) . 

The  results  obtained  at  Basel  show  that  in  ad- 
dition to  the  presently  recognized  half-lives  for  light  e- 
n.ission  of  about  0.01  p sec.  (relative  intensity  100  units) 
and  about  50  p sec.  (relative  intensity  4.3),  stilbene  has 
two  other  half  lives  of  about  0.04  p sec.  and  0,63  p sec. 
Tnesc  arc  each  present  with  a relative  intensity  of  the 
order  of  that  of  the  60  p sec.  period.  Similarly  anthra- 
cene displayed  two  new  half-lives  of  0.15  p sec.  (relative 
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ir.  i ty  3.C)  an>i  1,31  ii  acc.  (relative  intensity  3.2)  in 
addition  to  the  Imovm  lialf-livcs  of  about  0,03  p.  sec.  (rela- 
tive intensity  100)  and  about  30  p,  sec.  (relative  intensity 
3 . d ) . 

In  contradistinction  to  the  behavior  of  the 
crystalline  organic  scintillators  investigated,  bieyer  and 
I.a'ier  observed  that  a saturated  solution  of  terphenyl  in 
xyler.o  has  few  after-pulses.  They  estimated  the  number  as 
e'.vjht  percent  of  those  in  stilbene,  and  suggest  that  the 
resonance  nature  of  the  process  by  which  the  energy  of  exci- 
tation is  comn'.unicated  from  the  solute  to  the  fluorescent 
molecules  of  the  solvent  in  the  liquid  organic  phosphors 
tends  to  promote  the  excitation  of  only  a single  level  in 
the  solvent  molecules.  Tl^erefore  the  decay  of  the  fluo- 
rescence will  be  more  nearly  a single  exponential  charac- 
teristic of  one  excited  level. 

It  is  expected  that  a more  complete  description  of 
this  work  will  shortly  be  published  in  Helvetica  Physica 
Acta  and  will  include  a description  of  the  experimental  pre- 
cautions taken  to  demonstrate  that  the  photomultiplier  was 
not  responsible  for  a substantial  number  of  the  after-pulses 
observed. 


ATi  I IMPROVED  GRAVII.1ETER 

Dr.  R.L.G.  Gilbert  (Cambridge)  is  building  an  Im- 
proved gravimeter  with  which  he  plans  to  measure  the  gravi- 
tational field  of  the  earth  at  depths  up  to  10,000  ft  in  the 
bcre-hole  of  an  oil  well.  The  gravimeter  consists  of  a 5 cm 
long  beryllium-copper  filament  carrying  an  60  gm  weight  at 
the  bottom  end.  The  filament  vibrates  transversely  in  the 
fundamental  mode  like  a violin  string,  since  the  lower  end 
is  effectively  held  rigid  by  the  inertia  of  the  weight. 

When  the  gravitational  field  increases,  the  weight  becomes 
heavier,  thus  increasing  the  tension  on  the  filament  and 
thereby  the  frequency  of  vibration.  This  idea  is  due  to 
Bertrand  (Comptes  Rendus,  207,  356),  and  has  been  described 
in  an  earlier  version  by  Gilbert  (Proc,  Phys . Soc,  B62,  605 
(1949)).  It  has  the  important  advantage  over  spring  gravi- 
meters that  the  frequency  is  nearly  independent  of  the 
raechanicaL  proper  ties  of  the  supporting  strip,  and  accord- 
ingly it  displays  a much  higher  stability. 

The  filament  vibrates  at  about  1000  cycles  per 
second  and  is  driven  at  constant  amplitude  by  an  oscillator, 
the  frequency  of  which  is  derived  from  the  vibration  itself. 
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important  improvement  has  been  made  in  the 
latest  model  by  partially  supporting  the  woic,ht  with  a 
hinge  at  one  side.  The  point  oi’  attachment  of  the  fila- 
ment lies  below  the  center  of  gravity  of  the  v/eight  and 
closer  to  the  hinge,  v/hen  the  temperature  increases,  in- 
creasing the  length  of  the  filament,  the  tension  is  there- 
by increased  because  of  the  increased  torque  offered  by 
tiiC  weight.  Tnc  change  in  length  and  the  change  in 
tension  have  an  opposite  influence  on  the  frequency  and 
accordingly  the  temperature  coefficient  is  much  reduced. 

The  frequency  of  oscillation  of  the  filament  is 
compared  v/ith  a standard  frequency  stepped  down  from  a 
quartz  crystal  oscillator.  The  beating  between  the  two 
frequencies  is  used  to  drive  an  electric  clock  and  the 
rate  of  this  clock  is  then  a measure  of  the  change  in  the 
gravitational  field.  Since  the  clock  will  run  either  way, 
its  average  rate  gives  the  desired  indication  even  if 
there  are  severe  fluctuations,  for  instance  those  due  to 
vibration  of  the  supports. 

Dr.  Gilbert  estimates  that  the  new  bore-hole 
instrument  will  give  a precision  of  t 0,3  milligals  and 
may  be  within  ±6.1.  Tne  former  is  the  equivalent  of  the 
gravitational  change  in  going  down  10  ft  in  rock.  The 
first  tests  of  the  new  instrument  are  to  be  held  this 
summer.  Further  information  can  be  obtained  from  Techni- 
cal Report  CIiRL-69-53,  available  from  the  Technical  Infor- 
mation Section,  Code  740,  Office  of  Naval  Research, 
Washington  25,  D.c, 


LOW  NOISE  AldPLlFIER 

Mr.  P.  J.  Baxandall  of  the  Telecommunications 
Research  Establishment,  Great  Malvern,  Worcestershire, 
has  built  an  amplifier  whose  noise  is  the  equivalent  of 
the  Johnson  noise  from  a 2 ohm  resistor  at  a temperature 
of  20°K.  The  instrurient  was  designed  for  use  in  electri- 
cal measurements  encountered  in  cryogenic  experiments, 
for  instance,  with  low  temperature  bolometers.  The  band 
pass  of  the  instrument  extends  from  100  to  4,000  cycles. 

The  distinctive  novelty  in  the  amplifier  is  the 
use  of  a preliminary  transformer  within  the  cryostat  at 
low  temperature.  This  is  a spec ial ly  wound  transformer 
with  an  input  impedance  of  about  0,5  ohms  and  an  output 
of  300  ohms.  The  core  is  of  mumetal  whose  effective 
permeability  at  20OK  is  about  one-third  of  its  room 
temperature  value.  A second  transformer  is  used  at  room 
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tc;:.,'»-raluro  i;;  Uia  ar.ipliricr  cpcratiug  from  300  ohma  up  to 
1 :.’.vj'joar.u  I'liia  second  transf oriner  was  specially  wound  to 
achieve  lew  series  resistance  with  a high  eddy-current 
shunt  resistance.  Tl.e  eddy-current  shunt  resistance  is 
aheut  40  mejehMs  wlien  referred  to  the  secondary  of  the  high 
i;r.pcdancc  transf  or  luer , and  this  resistance  is  the  principal 
source  of  noise. 


The  first  tube  is  a h.ullard  ME  1400,  sometimes 
called  ” the  poor  man's  electrometer  tube”.  It  is  operated 
under  electrometer  conditions  with  a grid  current  of  less 
than  10“ amperes. 


ha  in; 


FRARE3  ADSCRPTIOr;  SPECTRL7::  CF  TiIE  GXCN  lOr.  ICIl 


Dr.  i.'.  Sheppard  and  I.lr . D.  Bethel  (Cambridge)  have 
recently  succeeded  in  observing  the  infrared  absorption 

socctrum  of  the  oxonium  ion  OH^.  Two  absorption  bands  were 

clearly  located  at  1134cm“l  and  lG70cm“l  respectively, 

'While  a very  broad,  unresolved  band  extends  from  2600  to 
3300  cm“l.  These  frequencies  are  consistent  with  the  pyra- 
midal model  for  this  ion  and  exclude  a planar* one.  The 
oxoniur.1  ion  is  isoclectronic  with  the  neutral  NK3  molecule 
and  the  corresponding  normal  modes  of  vibration  agree 
closely  in  these  two  molecules. 

Tne  spectra  were  observed  on  a capillary  layer  of 
an  equimolar  mixture  of  nitric  acid  and  water,  between  flat 
silver  chloride  plates  at  low  temperatures.  The  obser- 
vations show  that  previous  attempts  to  observe  the  spectrum 
of  the  oxonium  ion  failed  primarily  because,  due  to  the 
very  strong  absorption,  extremely  thin  layers  have  to  be 
used.  Preliminary  results  on  an  equimolar  mixture  of  per- 
chloric acid  and  water  confirm  the  above  results. 


These  observations  are  thus  in  excellent  agreement 
with  the  conclusions  of  Richards  and  Smith  based  on  the 
nuclear  magnetic  resonance  spectra  of  a number  of  inorganic 
hydrates  (Trans.  Far.  Soc.  307  (1952)). 


THE  IhTRARED  ADSORPTION  SPECTRhl'.  OF  CARBON  DIOXIDE  AT  HIGH 
PRZSSbRES 


The  infrared  absorption  spectrum  of  carbon  dioxide 
was  studied  at  pressures  up  to  65  atmospheres  by 
Prof.  J.A.A.  Ketelaar  (Dept,  of  Phys.  Chem.,  Amisterdam),  in 
col laborat i on  with  the  high  pressure  laboratory  of 
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ProiCijiior  r%  Pcriviri^i^ljncr  i .’.jt. r i'.r«'*c i*» t,  v/«i ^ u ^ c ci 

^0  U«kV_«  W4i4t  C**0<^1C«0  ^0*l\«C«444'^S.i  <Ji 

^ji*ot>otir*o  w X 4*«i  poCiC  GcX^o  <>vi'.  4v«  cjW3  • 

Several  norn;ally  lorSiddea  trans  i i.  i o;i5  v/.>re  i'oand  Lo 
occur  when  ihc  i^rcssure  oi  the  gas  inside  the  ceil  v/as 
appr  oxinicite  ly  ZO  a tiaospiicr cr>  or  greater  and  son'.c  of  these 
arc  listed  hclov/.  Their  existence  is  due  to  t..e  in- 
creased prohahility  of  collisions  hetween  :aolccules  at 
tf.ese  high  pressures,  resulting  in  perturhaticn  of  the 
sg'-rc'.e  tr  ical  linear  structure  of  the  riolccuie.  In  agree- 
r.cnt  with  this  explanation  ti;e  norraaily  forbidden  lines 
are  also  found  in  mixtures  of  carbon  dioxide  and  inert 
gases,  such  as  argon,  at  iiigh  pressures. 


Tile  newly  observed,  pressure-induced  infrared 
absorption  bands  include  the  symrac tr  ica  1 stretching 
frecpuency  at  15'iCcm“l,  and  bands  at  2Go3cm“l,  2340cm“^, 
3Clucm”i  and  16o0cm“l.  Tnese  last  tv/o  can  be  interpreted 
as  the  combination  and  difference  bands  of  the  normally 
infrared  active  bands  at  667  and  2549cm“l. 

Tnc  normal  transitions  found  in  the  infrared  are 
directly  proportional  to  the  pressure  but  these  forbidden 
transitions  have  been  found  to  be  proportional  to  the 
square  of  the  pressure.  This  makes  it  easy  to  identify 
each  type  of  transition.  It  is  also  found  that  with  iri- 
creasinj  temperature  the  intensity  of  these  nev/  lines  de- 
creases, instead  of  increasing  as  one  would  expect  from 
the  greater  translational  energy  of  the  molecules.  This 
effect  cannot  be  explained  at  present. 


Several  compounds  wh.ich  are  of  interest  as 
nitrating  agents  have  been  studied  b_/  Prof.  C.il.  hacGi  1 lavry 
^ r» c c 0“’v/ or* iCcrs  ^wniv/ersi  ty  of  rt.n3tcrdan).  The  most  recent 
of  fciese  are  tiie  h'9G.-*3SC-7  molecule  and  the  HN0^*3S0„  mole- 

A.  j o 3 o 

rule.  Tnese  have  been  studied  by  the  usual  s ingle-crystal 
X-ray  teciniiques,  and  it  has  been  shown  that  the  first  of 
these  compouaas  consists  of  ions  of  NOif  and  The 

unit  cell  is  monoclinic.  The  iuIO^'GSO,,  molecule  has  been 
shown  to  consist  of  and  ioi^.s  and  to  have  a tri- 

clinic  unit  cell.  The  most  interesting  thing  about  these 
structures  is  that  they  all  seem  to  contain  the  liO-t  ion, 
which  has  been  suggested  as  the  active  agent  in  nitrating 
reactions  by  several  investigators,  notably  by  Prof.  C.K, 
ingold  (London).  The  complete  details  of  these  structure 


145 


,ic  L ^ r. . 1 r.a  t i wiil  jjo  pu‘.jliGhccl  in  ACta  Cr  ys  ta  1 1 ographica 
in  ti'.c  noar  future. 


oV,  '.rC/S  ^ -^■■1  nLaC'i'.vC  LYT£S  il.  C.KLvMC  SGLVZ! • Tj 


i..nc-day  Gy:.'.poGinn  on  "aolulions  of  ZlecLrolytcs 
in  Cr^.anic  Solvents"  v/as  iicid  at  .'iuclcland  iiousc  (.“uclclnnd, 
near  ..arwcil)  on  Wednesday,  15  April,  under  the  auspices 
cf  ti'.c  --wtomic  Znergy  ilesearch  Zstabl  i sh.v.cnt,  Tnis  rriccting 
u'as  orpaniaed  by  Idr,  Z.  uluccicauf  and  Ur.  h,  h,  Grcenv/ood 
(AZac).  Some  of  the  results  of  the  synpoaiun  are  present- 
ed in  the  following  paragraphs.  A nore  co.-nplete  account 
of  the  discussion  is  given  in  Technical  Report  GliRL-GZ-SZ, 
av'ailable  fro:r.  tiie  Technical  Publications  Office,  Office 
of  Naval  Research,  Code  740,  'Washington  25,  D.C. 


ixtraction  of  i.'.etal  Nitrates  into  Phosnhate  Esters 


T.  V.  Kcaly  and  0.  'Waind  (AZRZ)  discussed 
their  worlt  on  the  extraction  of  cobalt  and  sodiun  nitrates 
fros'i  aqueous  solutions  by  tri-n-butyl  phospiiatc  (7.ZP),  and 
ti'.eir  study  of  tb.c  partition  of  uranyl  nitrate  between 
v.-ater  and  the  solvents  TOP,  d i -n-bu tylp’ienyl  phosphate 
{D?jp?)  dipl;cnyl-n-butyl  pliosphatc  (DPZP)  and  tri-plienyl 
phosphate  (TPP). 


The  organic  phase  was  treated  as  an  ideal  so- 
lution up  to  concentrations  of  about  0.1  :r.olal,  and  the 
ti'.ernodynaTnic  cqui  1 ibr  i ur.i  constants  and  free  energy 
changes  of  transfer  of  uranyl  nitrate  fron  TZ?  to  the 
other  solvents  were  calculated.  Top  was  found  to  be  the 
best  solvent  for  ail  of  the  salts  studied;  considerations 
of  the  electron  donor  ability  of  the  respective  organic 
solvents  indicate  that  this  result  should  be  expected. 

Tne  deviations  from  ideal  behavior  above  concentrations  of 
0.1  molal  were  used  to  obtain  an  approximate  solvation 
number  for  the  complexes  between  uranyl  nitrate  and  the 
organic  solvents  (e.g.  n = 2 for  the  complex  UO.,  ( NO., ) ^ - 
2T3P).  Values  of  n calculated  from  the  activities  in 
concentrated  solutions  varied  from  n = 2.0  for  73P  to  n = 
3.2  for  DP3P.  Treatment  of  the  diluent  partition  data 
belov/  0,1  molal  nitrate  in  the  organic  phase,  in  con- 
Jui^ction  with  the  solvent  activities,  gave  solvation 
numbers  which  were  in  fair  agreement  with  the  approximate 
values  obtained  at  higher  concentrations  in  the  pure 
solvents . 
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I od  iriA 

7hc  co.*ploxus  I'or'noci  iii  ;oui''.y  uolution^  v;cr:i  tAe 
3u:joct  r-:'  several  v>t.uui-3u  aad  provided  ao;..c  iat  ireo  ti  r.;; 
ac w r c 0 a i o • 0 ^ *i«oa  t>  * a >-  c r o 3 ^ </>/ a 3 j r e o . i vv 0 o 0 ^ v/  0 r 1 » wi  i jl  o i 1 

do  VC  1 op  0 vi  u c cr’.p  1 o t o c or  r c 1 a t.  i oa  o t'.'/co  a i'l  o c o 1 or  ^ 
c^l,*jct.r*cal  aacl  roactiv*Lj^  o*  UiiC  sol'i^ioao* 

ror  iasLaaco,  :*o  violet  solution  oi'  iodine  (uosijnatcci 
t v'u o j ’^^OiatViLfts  oioOk>r^oit^^  i lo rooS  axl  orow'Jii  oox^t^oas 

(dosi3;;atod  type  L- } conduct  ionically  as  a result  of  tac 
dissociation 


1*^  " I'wtl^ 

+ 

and  '..'a  U “ ■*■  U • 

In  tncac  latter  solutions  the  iodine  cation  is  stabilized 
by  the  solvents  due  to  the  electron  donor-acceptor  mecha- 
nise'., which  is  consistent  '//ith  the  older  solvation  theory, 
■".e  following  observations  v/cre  given  by  Greenwood  to 
/elop  further  this  correlation,  using  iodine  as  an  ex- 
nle,  b'ut  experiments  show  that  bromine  and-  the  two  inter- 
ogens,  iodine  monochloride  and  iodine  inonobro'mi de,  be- 
,.^vc  analogously. 

(a)  Addition  of  a type  3 solvent  to  a violet,  non- 
conducting solution  progressively  shifts  the  wa'v/elength  of 
.maximum  absorption;  the  solution  gradually  turns  brown, 
with  a simultaneous  onset  of  conductivity  which  increases 
with  continued  addition  of  the  ionizing  solvent. 


(b)  The  electrical  conductivity  of  a brown  solution 
decreases  with  rise  in  temperature,  the  color  of  the  so- 
lution simultaneously  changing  from  brown  tov/ards  violet. 
Cn  lowering  the  temper at-are,  the  conductivity  increases 
again  and  the  solution  regains  its  brown  color. 

(c)  In  solvents  v/hich  arc  able  to  stabilize  the  ionic 
for.m  of  the  solute  but  have  an  insufficiently  high  die- 
lectric constant  to  effect  ionic  dissociation,  there  is  a 
considerable  increase  in  the  apparent  dipole  moment  of 
iodine,  and  solutions  are  intermediate  in  color  between 
violet  and  bro'v/n  (I-'a  irbr  otlier  ) . 


(d)  Ionic  reactions  typical  of  either  the  iodi.ne 
cation  or  the  polyhalidc  anion  occur  rapidly  in  brown  so- 
lutions but  not  in  violet  solutions. 

It  was  concluded  tliat  the  halogens  and  inter- 
halogens  are  only  non-electrolytes  in  solvents  of  type  A. 
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.ICAL  ISTlVi'iY  Dli"  TO  VaCATCIZS  I'A  CGPP£;< 


An  irA'oi’iual  conx'orcncc  on  Lattice  uefecto  and 
the  L 1 oc  t r ic  1 Ue,a  i r.  t i v i t.y  oi'  ;d.etaio  held  .it  ! A r:.i  i n liiani 
Gnivi  roity  on  Ld-Lh  Ayr  i 1 included  a nnia'oer  ol'  iuijior  tant 
y.ioer'-.  on  doth  exye r ir.icnta  1 and  theorel.  ical  worix.  j^l 
review  ol'  t’.io  yr  oce  ed  i raya  i a jlven  in  Tecliaical  Ke;jor  t 
Ci:Al,-5G-.'j3  available  Troin  the  Technical  Pablicatiouc 
Oi'i'icc^  Code  7d0,  Office  of  Naval  Reaearcii,  V/ashington 
Lb,  D.C.  In  the  following,  one  of  the  contr i but i onu  is 
suniaar  ized. 


i.ir . P.  Jongenburger  (Philips,  Eindhoven)  has 
calculated  tiic  electrical  resistance  due  to  vacancies  in 
monovalent  metals  by  the  method  first  used  by  Mott  to 
calculate  the  resistance  due  to  substitutional  impurities 
in  copper  (Proc.  Camb.  Phil.  Soc.  201  (lG3o)).  This 

method  has  recently  been  iraproved  by  Eriedcl  (sec  Ol.’RL- 
50-53).  The  three  principal  assumptions  entering  the 
calculation  arc  (l)  the  vBlence  electrons  in  copper  are 
essentially  free,  (2)  t'nc  scattering  function,  \f , is  a 
function  of  r only,  wliere  r is  t'ne  distance  from  the 
center  of  the  vacancy,  (3)  there  is  no  interaction  be- 
tween lattice  vibrations  and  terms  due  to  the  vacancy, 
i.c.,  Matthiessen's  rule  is  applicable. 

First  a scattering  potential,  V(r ) is  chosen; 
then  the  asyr.iptotic  phases,  of  the  radial  wave 

functions  are  computed.  The  scattering  cross  section  of 
the  vacancy  is  calculated  from  the  asymptotic  phases. 

The  potential,  1/(r),  is  a self-consistent  solution  if  the 
a;?  derived  from  it  satisfy 

-1  = n = I 5 (2^  + l)a;7(k..),  (D 

the  last  equality  having  been  proved  by  'rriedcl.  Here  ic,. 
is  the  momentum  corresponding  to  the  Fermi  energy,  and  n*"* 
is  the  amount  of  charge  displaced  from  the  vicinity  of 
the  vacancy.  Equation  (1)  states  that  one  unit  of  charge 
is  displaced  from  the  conduction  band  in  the  vicinity  of 
the  vacancy. 


The  scattering  potential  which  was  chosen  to 
represent  the  vacancy  is  the  negative  hartree  field  for 
Cu,  which  was  fitted  by  the  analytic  form 

V(r)  = 27r“^  e“^*5r  atomic  units.  (2) 

Tlie  va.lue  for  n came  out  equal  to  -0.95,  so  that  the 


14d 


o *1, 0 1. 1 w'i  1 i G o t.  *>  V 1 1*  c u c 1 1 0 G 1 s t.  c n ^ t.  i iC  ol^cLr'  ICiaI 
rcGiGtivily  or  vacaiicics,  calculated  i'ron*i  [2),  1g 

= 1 .ii5jiXl/*itoiA  per  cent-  vacancies.  A second  scattering 
potential,  namely  a rectangular  one,  was  also  used;  the 
results  are  sur,v.uar  iced  below; 

V(r)  n ^ 

negative  iiartrcc  -0.95  l.Z5pn/aton  percent  vacancies 

rectangular  -1.00  1.55 

Thus  it  appears  tliat  no  i'erther  refinement  is  necessary 
and  ^ = 1 .opil/atora  per  cent  vacancies  in  Cu. 

For  both  Au  and  Ag  the  resistivity  computes  to 
he  ^ = 1.5p.O./atom  per  cent  vacancies.  These  results, 
compared  v;ith  experimental  data  for  the  effects  of  ele- 
ments in  alloys,  show  that  vacancies  in  these  moiiovalent 
metals  act  very  much  like  substitutional  Ni  in  Cu,  and  Pt 
in  Au;  not  at  all,  however,  like  Zn  in  Cu,  and  Hg  in  Au. 


A DIAL  CAPACITY  ifAOIJETIC  DRL~d 

At  the  Te  lec  omsiuni  cat  i ons  Research  establishment 
in  Great  b.alvcrn,  Cngland,  a group  under  the  direction  of 
Or.  A.  b-.  Uttley  has  developed  a high  speed  electronic 
computer,  parallel  in  operation,  having  a high  speed 
cathode  ray  tube  store  with  a capacity  of  512  words  of 
twenty-four  digits,  and  an  auxiliary  magnetic  drum  store 
'Which  can  operate  in  either  one  of  two  modes.  In  the 
first  mode  the  drum  has  a capacity  of  around  50,000  digits 
and  in  the  second  mode  a capacity  of  over  a million  and  a 
half  digits. 

This  novel  feature  of  dual  capacity  is  accomplish- 
ed by  having  the  twenty-four  recording  and  reading  heads 
mounted  on  a bridge  which  can  be  held  either  fixed  in 
position  or  allowed  to  oscillate  as  the  drum  rotates.  In 
the  first  mode,  that  is,  where  the  bridge  is  held  fixed, 
each  track  has  a capacity  of  2,043  digits  making  a total 
capacity  of  49,152  digits.  In  the  second  mode,  the  bridge 
is  al-lov/cd  to  oscillate  so  that  each  track  has  a length  of 
thirty-tv;o  turns;  thus  the  capacity  of  each  track  is  65,536 
digits  giving  the  drxim,  for  all  twenty-four  tracks,  a total 
storage  capacity  of  1,572,864  digits.  The  mean  access  time 
for  the  first  mode  is  20  milliseconds  and  for  the  second 
mode  is  1.25  seconds.  There  is  no  mutual  interference  be- 
tween the  tracks  of  the  two  modes. 
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Tnt;  drum  is  four  inches  in  diameter  and  coated 
with  iron  oxide. 

The  above  development  v;as  reported  at  the 
S\Tr.posiun  on  Autoriatic  Digital  Computation  held  at  the 
National  Physical  Laboratory,  Teddington,  on  Z5-Z3  March 
l?5o.  Technical  Report  GRRL-C-i-53,  a report  discussing 
some  oT  the  topics  presented  at  this  Syi.iposiun,  is  avail- 
able I'roa  the  Technical  Publications  Office,  Code  740, 
Office  of  Naval  Research,  Washington  25,  D.C. 


"!c  DEliATRCN  TUBS  AS  A COlhPUTIKG  CLEM-ENT 

At  the  Royal  Aircraft  Establishment,  Farn- 
berough,  England,  a group  has  developed  a computing 
machine,  primarily  for  the  purpose  of  data  reduction, 

Vvhich  uses  as  its  main  computing  elemen.'.  a dekatron  tube. 
This  is  a gas-filled  cold-cathode  tube  in  which  the  dis- 
charge is  arranged  between  a central  ..iiode  and  one  of  ten 
surrounding  cathodes.  In  order  to  apply  <’he  tube  to  com- 
puting work,  nine  of  the  cathodes  are  connected  internal- 
ly and  the  tenth  cathode  left  separate  in  order  that  it 
can  provide  a carry  pulse.  The  principal  of  operation  of 
the  dekatron  tube  has  been  described  in  ESN  _5,  272  (1951); 
a more  detailed  presentation  has  been  given  by  J.  R.  Acton, 
“The  Single-Pulse  Dekatron”,  Electronic  Engineering  XXIV- 
233.  43  (1952). 

The  particular  tube  used  in  this  computer  has  a 
stepping  frequency  of  20,000  steps  per  second.  This  re- 
solving time  of  fifty  microseconds  required  to  step  the 
discharge  from  one  cathode  to  another  must  be  broken  up 
into  pulses  of  twenty-five  microseconds  duration  spaced 
a minimvim  of  twenty-five  microseconds  apart.  The  dekatron 
tube  is  so  constructed  that  the  position  of  the  discharge 
can  be  viewed  from  the  end  of  the  tube;  this  has  the  ad- 
vantage that  if  the  machine  has  met  a fault,  the  contents 
of  the  various  registers  can  be  read  immediately  without 
additional  test  equipment. 

Employing  these  tubes  in  arithmetic  units  of 
parallel  circuitry,  as  has  been  done  in  the  case  of  this 
machine,  does  not  necessarily  bring  about  a low  speed 
machine.  In  fact  with  the  20,000  cycle  repetition  rate 
and  using  short-cut  methods  an  o x 8 decimal  multipli- 
cation could  be  performed  in  5.3  milliseconds.  In  actual 
fact  multiplication  will  take  16  milliseconds,  and  ad- 
dition 9 milliseconds  owing  to  the  fact  the  period  of  ro- 
tation of  the  magnetic  drum  store  employed  in  this 
machine  is  9 milliseconds. 
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Er"ZCTS  Cr 


:iT\'  g:;  tee  rate  cf  sceut:  E/:cretic!; 


E.  J.  Harris  and  T.A.J.  Prankcrd  of  University 
College  and  University  College  Hospital,  London,  observed 
the  loss  of  isotope  from  human  erythrocytes  which  had  been 
previously  treated  with  a solution  containing  a proportion 
of  Ha^^  and  then  placea  in  a saline  bath  at  30OC.  TTiC 
cells  were  centrifuged  at  3000  g under  standard  conditions 
so  that  any  Na24  loss  from  the  cells  would  be  a constant 
fraction  of  the  whole.  Tne  transfer  of  Na24  out  of  the 
cells  to  a solution  practically  free  from  Ka^4  follows,  as 
a rule,  simple  first-order  kinetics.  The  rate  constant, 
which  is  found  from  the  slope  of  a plot  of  log  (Na^4 
content)  against  time,  applies  to  unit  volume  of  cell 
fluid.  To  obtain  the  permeability  constant,  which  refers 
to  unit  area,  it  is  necessary  to  multiply  by  the  ratio  of 
volume  of  internal  fluid  to  surface  area.  I.ieasurements 
have  been  made  of  the  rate  constant  in  iso — and  hypotonic 
media  (0. 9-0. 6°/q  NaCl);  in  the  latter  it  is  reduced 
nearly  in  the  proportion  by  v/hich  the  fluid  volume  becom.es 
increased  due  to  swelling.  As  the  surface  area  remains 
nearly  constant  this  result  .means  that  the  per.meabi  lity 
constant  is  not  changed  by  the  swelling  consequent  upon 
use  of  a hypotonic  solution.  Restoration  of  isotonicity, 
which  leads  to  reversion  to  the  original  volume,  also 
brings  about  a return  to  the  original  rate  constant.  If 
the  experim.ents  are  so  conducted  that  observations  of  Na^'^ 
co.ntcnt  are  m.ade  for  some  time  before  addition  of  the 
water  (which  causes  hypotonic i ty)  and  the  observations  are 
continued  until  after  the  restoration  of  isotonicity  (by 
addition  of  NaCl),  it  is  found  that  the  entry  of  water  at 
the  ti.mc  of  swelling,  and  its  exit  at  the  time  the  cell 
shrinks,  does  not  induce  a sudden  change  of  the  Na24 
content.  Thus  the  cells  can  gain,  and  later  lose,  water 
equal  in  these  experiments  to  a maximum  of  40°/o  of  their 
ordinary  water  content  without  bringing  about  any  abnormal 
sodium  transfer. 


EFFECT  CF  ?.'AGN£SIU!d  IONS  ON  THE  RELE.4SS  OF  ACETYLCHOLINE 

0.  F.  Kutter  and  Krista  Kostial  of  University 
College,  London,  in  order  to  test  the  effects  of  magnesium 
ions  on  the  output  of  acetylcholine  from  the  cholinergic 
nerve  endings,  used  perfused  preparations  of  the  cat’s 
superior  cervical  ganglion.  The  preganglionic  nerve  was 
stimulated  v/ith  supra.maximal  shocks  at  a frequency  of 
2 per  sec  for  5 out  of  every  10  min.  In  this  way  a series 
of  sa.mpics  containing  approximately  equal  amounts  of 
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acetylcholine  could  be  obtained.  Addition  of  raar,neaiuni 
ch.loride  (15  inV.)  to  tiie  perfusion  fluid  (Ringer-Locke ' s 
solution  containing  1:100,000  cscrine  sulfate)  reduced 
the  aiaount  of  acetylchol  ine  in  the  perfusate  to  about 
50'^/o  its  original  value.  With  higher  concentration  of 
magnesium  chloride  {Z5  nil.i)  no  acetylcholine  could  be 
detected  on  preganglionic  stimulation.  The  effects  were 
reversible. 


lOK  EXCHAhGES  IN  SYIviFArhETIC  GANGLIA 

H.  McLcllan  of  University  College,  London,  has 
determined  the  sodivim  and  potassium  contents  of  freshly 
excised  sympathetic  ganglia  of  rats  and  rabbits.  The 
values  average  81  - 14  pequiW^g  for  sodium  (S.E.  5 
analyses)  and  89  - 23  pequiv/g  for  potassium  (S.E.  16 
analyses).  The  'nigh  value  for  sodium  has  been  checked 
by  determination  of  nc  total  chloride,  w'nich  gives  an 
average  value  of  92  i 29  pequiv/g  (S.E.  6 analyses).  If 
both  sodium  and  chloride  ions  arc  assumed  to  be  extra- 
cellular, then  the  extract,  1 lular  space  in  these  ganglia 
may  comprise  some  60^/o  of  the  tissue  weight.  If  this 
is  so,  then  the  potassium  concentration  within  the  cells 
could  be  of  the  order  of  200-250  pcquiv/g. 

The  exchangeability  of  the  ganglionic  potassiimi 
has  been  followed  with  radioactive  K42  as  a tracer.  The 
extent  to  which  the  analytically  determined  tissue  h'*' 
exchanges  with  the  R42  of  Loclce's  solution  in  which  uhe 
ganglion  is  incubated  never  exceeds  50°/o,  and  is  usually 
of  fne  order  of  35°/o.  It  would  seem,  therefore,  that  at 
least  one  half  of  the  tissue  K either  exchanges  very 
slowly,  being  perhaps  bound  in  some  way  to  the  tissue 
proteins,  or  is  relatively  inaccessible  to  the  of  the 

bathing  solution.  Brief  soaking  in  isotonic  potassium 
phosp'nate  solution  results,  however,  in  a complete  re- 
placement of  fne  tissue  K by  the  K42  of  the  medium. 

Identical  results  have  been  obtained  with  ganglia 
in  which  the  pre-  or  post-ganglionic  fibers  were  cut  and 
allowed  to  degenerate  for  three  weeks. 


FERSCh'AL  NE'WS  I TE^: 

Dr.  Geoffrey  Gee,  F.R.S.,  has  been  appointed 
Professor  of  P'nysical  Chemistry  at  the  University  of 
Manchester  in  succession  to  the  late  Professor  fu.G.  Evans, 
and  will  take  up  his  duties  early  in  the  autumn.  Dr.  Gee 
has  been  Director  of  Research  at  the  British  Rubber  Pro- 
ducers' Research  Association. 
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The  following  reports  have  been  forv/arded  to  OKR, 
'>^'ashington,  since  the  last  issue  of  ESh.  Copies  may  be 
obtained  from  the  Technical  Publications  Office,  Code  740, 

■ Office  of  Naval  Research,  Washington  25,  D.C. 

■ CNRL-G5-53  ”Soue  Historical  Notes  on  Experimental 

[ Psychology  at  Cambridge"  by  C.  K.  Graham 

CN?.L-6o-53  "Tne  Belgian  Computer"  by  R.  R.  Weber 


On  30  June  1953,  Captain  P.  D.  Lohmann,  USN,  who 
bas  been  the  Assistant  Naval  Attache  for  Research  and 
Of f icer ~ i n-v^har gc , Office  of  Naval  Research,  London  branch 
Office,  London,  England,  for  the  last  three  years,  will 
retire  from  active  service  in  the  Navy,  with  the  rank  of 
Rear  Admiral  (Ret.).  Captain  Lohmann  will  be  relieved  by 
Captain  P.  S.  Creasor,  USN. 


Prepared  by  the  Scientific  Staff 
Submitted  by  Dr.  S.  R.  /^spinall 

Deputy  Scientific  Director 


Assistant  Naval  Attache  for  Research 


